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(54) CROC05 H3rOTOBnEHH^ roopupo- 
BAHHOfO CTA/lbHOrO flJlACTblP* 
(57) CytUHOCTb vi3o6peTeHM«: TepMoo6ps6oTKy 
nnacTwpfl tokamm bwcoxo* ^acTOTbi ocymecr- 
b/i««ot noc/ie ro4>pMpoB3Hui«. a cm33omhum 
c/ioft HaHOCflT nOBTOpHO nocne ox/iaa^eHHa. 
npeA^araeMUv^ cnocoS noseonneT 3a (xeT no* 
BMUieMMfl nnacTMMMbix cbo*ctb t+eranna na- 
ACXHO o6ecneswTb repMe™3auw*o 
peMOHTupyeMoro y^acTKa CKBaxvi«t>i. 1 Ta&" 



Waoeperenue othoCwtc* k o6pa6oTxe we* 
Ta/wa AaBit6HM6M» b m3Cthoct* x TexNonorMM 
M3roToaneHn« ro<t>pwpOB8HHbix rpyft. 

Ochobhumh onspauviaMw b TexHonornse- 
ckom npouecce nsrOToeneHWH tohkoctchmux 
nxfrpupoaaMHWX Tpy6 aB/iaetca xonOAnaw Ae- 
4>opMauna. HanpuMep ao/iOMenue m npoxanca 
ipyb, xvtMviHecKaK o5pa6oTxa. tepmwwscxbr 
o6pa60Txa aa« cHATwn ocTaTOHNwx Hanpaxe- 
Hwfc, BOSHuitaiomKx » pe3ypwTate Ae<J>opMa- 

UWM VI np04>Vl/lMpOBaHMfl MeTOAOM HBJCaTlCVI, 

W38€CTt3H cnoco6 w3roToaneHufl rpy6 c 
npoAonbHb^MW ro<t>p3MM nyreM AayxSTannoro 
<t>opMOBaHW« Tpy6bi-3aroTOBKvi. npwM6M Ha 
nepBOM amne ee ro<t>pwpyx>T paAwanvnUMW 
yCMnwwwM. a na btopom arane o6*«m3K)t b 
npo4>yi/iMpooaMHOv4 BO/ioxe. 

OAHatto aoanwxaiomue b pe3y/n»raTe 
c/KWHOA A^opMauMti ocraTosHwe Hanpw#e~ 
nun He ask* AoctaTOMHO^ nonepCMHOft npoM- 
hoctm. Meaan/i CTanoeMTCfl XpynKMM H 



HenpMfOASH b xaMBCTBe .»/iacfbip* npn pcmoh- 

T6 06CaAHQI^ KO/IOHHW 8 CKBa**HS. 

Jinn CHATM* OCTBTOMHblX Manps^eHw* Tpy- 
6unoAacP raiOTTe P MWMecKOft o6pa6oTKe - ot~ 
xwry b nenax Tuna DCO06 w/i* r:.O-09 w 
nonyM^HMfl na tpy6ex o^wchoCi nnenxn, bw- 
no/iHAioiuevi 4>yMKi*wu noAMaso^noro noxpu- 
tmh m o6noAaiomeG aoct3to^hom 

HOpMCTOCTbK) W 8ACOp6anOHHO^ CnOC06HO- 
CtbK) K CMB3<e. 

Haeecren Taiwe cndco6, npw kotopom 
TOMxocTeHHwe npo4>w/ibHue TpyGw npae^T 
pacTTDKeHMCM m pa3A3^e« c warpeeoM ria 3nex- 
TpoTepMwqecxoM o6opyAoeaHMM. Qn^na 3a- 
roroaxy Tpy6w narpeBatOT roxaMn 
conpOTHB/>OHM« a<> TaMoeparypb* 0T>xnra. a 
38TCM rtooie ox/ia*AeHM» pa3AaK>r npn noMO- 

HeaoCTaTOK cnoco6a aax/isoMaeTC^ ft tom. 

MTOHpV* H3/105KCHV1M fl/>aCTWp« *3 M60T0XO«6H" 

hwx Tpyd MO^ei npowcxCAwrb P33pue no 
npo<^M/»bHO^ uopaayoaie^. 3 npw nano>xe^M 
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nnacTupfl w3 OToxwenHWx ipy& c nocneAYKr 
iumm ro4>pwpoeaHneM mo>hot r.ponCxOA"Tb 06- 
paaoeaHwe MUKpoTpemwH bo 8naAwnax w na 
ewcrynax npOAOAbHwx ro<J>p npn^opMaunn 
mx ao wv* APHHecKOw ct>opMw, Kor A3 ee nnoT- 
ho npn*wM3K>T (HaxaTbiaaK)!) Aopnupyoiue* 
fonOBKO* k BKyTpeHHe^ noBepxnoctvi o6caA- 
ho* ko/iohmw. B pe3y/tbT3Te ne o6ecnenwoa- 

eTCA HQAOKHOCTb re pM6TW3aUV1H 

MM3K0W rviacTMMHOc™ Mexanna ro$pwpo8aM- 
HOro n/>acTwp». 

Uenbto M3o6peTehn« «BnAetcfl nqeuwe- 
Hue HaAewHOc™ repMe™33unw o6ca>KeHMoa 
ckb3>kmhu nyreM noBbUjueHM* nnacTti^HOc™ 
MeTanna nnacTupa. 

CytuHOdb M3o6peTeHWP 3aicnK)MaeTca b 

TOM, MTO TepM006pa60TKy T0K3MH 8b»COKOti Ma- 

ctotw ocyweCTB^RK>T nocne ro^pupooaHua, a 

.3aTeM nOBTOpHO HaHOCflT CM330MHbia CHOW. 

B pe3ynbTaie 3HaKonepeweHHbix Ae<£op- 
Mau^ft, KQTopwM noABepraeica Meranna Tpy6 
npu ro^pupoeaHWU kax b npouecce n3roroB- 
AeHMfl nnacYbipe*. rax h npw pa3Aa4e b npo- 
uecce ycTanoBKvi b cKBa>KHH3x, npoMexoAwT 
anaHMTenbHoe ynponHenne MeTanna. npu^eM 
Han6onbtuue 3naMenwa ynpOMHenui/i npt/ixoA- 
RTCfl ks enaAnHbi ro<{>pwpoBaHHbix rpy6. 

l43MeHeMwe tqcpaocth (Hv) CTanw Mapxn 
10 npu repMOo6pa6oTKe, ro<J>pwpoeaHMn w 
paaAane riAaCTbipa noxa33MO b Ta6nv*ue. 

143 Ta6nwubi bmaho. MTOToepAOCtb Meta/i- 
na nnacTbipa nocne pa3Aa<w b oGcaAHOftTpy- 
6e AOCT^raeT waw6onbujMx 3H3MeHw&. ecnn 
n/iacTupb M3roTaB/iviBaAcsi u3 KeTepMOo6pa- 
eoTaHHOti Tpy6w, (Ipi/i M3roToaneHHH nnacTbi- 
peft H3 npeAa^p^re/ibHO TepMoo5pa6oTaHMbix 
Kpyr/itjx TpyO npn ra<I>pnpoBaHwn reepAOCTb 
MecKO/ibKocHn?KaeTCfl nocpaBHenwioc HeTep- 
MOo6pa6oT3HHbiMw 3aroTOBKaMii. ho nocne 
P53A3MH TeepAocTb ao3pacTaer homtm ao toi* 
xe Ben^wHw. mto w 6ea TepM0o6pa6oTxw. no- 
cne YepMunecKoa o6pa00T*n rocfrpwpoBaHHwx 
Tpy6 c HarpeBOM tok3mw bwcokom MacTOTw 

TB8pAOCTb MX CHH*3eTC» 3H3MHTC AbHO* a flO~ 

cne pa3At»HM ona MeHbiue. y neTepMOo6- 
pa6otaHHwx. 

B oTnwuwe or neMHoro wm* ra30Boro na- 
rpena npi* o6pa6oTKe 3aroioBKu toksmw bwco- 
xoa MacTOTM nponcxoA"T He3HaMnTenbHoe 
n3MeM6H^e (J>opmw ee npo<t>una, na noeepxHo- 
cm Tpy6u o6pa3yeTcn tohkw^ cno« oKanwuw, 
KOTOpwM He oTcnaweaeTcs* b (jpouecce Ae<t>op- 
MauwM ~ pa3Aa 4M . CMa30MHww enow HaHoewT- 
cp na BHyrpeHHioto nOBepxnocTb 
oTO)K>KeHHbix npoAonbHo-ro<j>pnpoBaHHwx 
Tpy6 nocne uxoxnaWHUfl. Oh npeAOxpanReT 
BHyrpennioio noeepxMOCTb ot KOpp03nOHHoro 
pa3pyuienn» o npoqecce 3Kcn/»yaTauwii n chw- 
>xenM« oceowx yewnuw b npouecce p33Aaw 
nnaCTwpe^ 



H p m m e p. A n » pCMOnta oGcaAHOvi ko- 

POHMbl A^WMGTPOM 1 46 MM C TO/llUHHOU CT6 WliM 

8 mm nnacrwpb naroraanHBaJOT H3 tomkoctcm- 
hom Tpy6w n^aMerpOM 130 mm c TonmwHoA 
5 deHKH 3 mm u3 CTann Map^n 10. A^wHa rpy6w 
9-115m. 

Ha BHyTpeHHK>K3 nOaepxHocTb rpy6w Ha- 
hocqt c/iom rpa<t>nTOBOM mou Apyrow cm33Kw. 
npeAH33HaHCHHOPi An» chmxc6hwh ycunnw ro^ 
10 pupoeaHiifl. ro<t>pwpOBaMiae uvinwnAP^ecxo^ 
TpyObi npovi3BOAPY na cneunanbHofi ycTanoa- 
xe Mepe3 ponnKOBy»o ro/iOBKy c BnyTpeHHe^ 
npo<})wAbHoii onpaBKOM. flo/iyMaercR npOAonb- 
HO~ro<J)pnpo Banna w fpy6a c HapyxnwM A^a- 
15 MeipOM l16MMM4ncnoMro<fip6M/iM8. 3aieM 
npon3BOAMTC« pvixTOBKa ro<{)pnpoBaHH0i?i rpy- 
Gw noc/te oTpe3xia ee na 3aAanHyio A^^ny. 

3aieM npow3BOA^TCR repMUMecxas o6pa- 
6oTKa npOAO/ibHo-ro<t>pwpooaHHOM rpy6w - 
20 HopManvtaauwfl c HarpeeoM tok3mw bwcokoA 
MacTotbi na ycianOBxe BHT 30/6. Hpn stom 
npoAonbHO-rocpp^poeaHHan TpyGa ycTaHae- 
nnsaeTC^ ropvi30HianbHO na po/inxOBbix ono- 
pax \a c onpeAeiieHHOul cxopocTbK) 
25 npoABuraercfl sepe3 WHAyKTOp. 

QxnattABHue Tpy6bi npoM3BOAV»TCfl h3 
B03Ayxe. CM33xa. kOTopan 6wna Hanecena ne- 
peA ro4>pnposaHneM. awropaeT, 

T3k xax b cKoa>KMHe npvi ycTaHoaxe nna- 
30 CTbip* a i^HTepBane peMOHia npon3BOAnrcfl 
pa3Aa^a nnactbipfl AO xpyr/iOvH <}>opM6i m npw- 
^atviR k CTeHKe o6caAnovi Tpy6w. to npw stom 
B03Huxa»OT 6o/ibiune KOHTaxiHbie Harpysxn 
MewAy nnacTwpeM n hhc vpyMe htom a^» P^3- 
35 A3mh. Anfl CHvixeHH» 9THX H3rpy30K Ha 8Hy7- 
p eHHtO i0 nosepxHOCTb nAacTwpft h3Hocwitc» 

BTOpMHHO CMa30MHWV1 CAOft, KOTOpfc40 CAy)KMT 

xax A/ifl chn*eHUfl yc\AWk. B03HHKatomwx npw 
pasA^G n/i3CTwpfl, Tax M Ann npeAOxpaneHvia 
40 3toA nOBepxHOCiw ot xoppo3uOH Horo pa3py 
tueHU^ e npouecce axcnnyaTaunw. 

CoMeTaHne TepMMMecxow o6pa6oTKM n/ia- 
CTWpea nocne ro^pupoaaHwfl m HaneceHwe 

CMa30HHOrO CAOfl H3 BHyTpeHHJOlO noBepX- 

45 HOCTb nocne repMimecxo^ o6pa6oTKM no3BO- 
nflK)T no9wcviTb nnaCTHSHOcib Mexanna 
nnacTwp o6ecneMnTb GnaroAapfl 3iOMy Ha- 
Ae*HOCTt> repMeTM3aunn peMOHT^pyeMO^i 

' CKB3>KHHW. 

50 

d> opMyna M3o6peTeHvt» 



Cnoco6 M3roTOBneHua ro^pwpoeaHHoro 
cTanbHoro nnacTwp«, npewMyiuecTBenHO aa* 
55 peMOHta o6ca>xeHHort cxsax^Hbi. BKnKHaK>- 
uawm TepMOo6paGotKy 3ar0Toaxw. HaneceH^e 

CM330MH0r0 CnOfl Ha BHyTpeHHKJK) nOBCpXHOCfb 

3arotoBKM m ee ro^OKpoaanwe. o t n w h a to tu m yt- 
c a Tew. ^rro. c uenb>o noBwiucnua naAOKHOCtu 
repMe^M33uvin o6cn>KeHHoCi ckb.-^hhw nyreM no 
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BbiujeMUtw nnacvHHHoc™ Mera/ina nnacTMp*. ocymeCTB/i«K>T nocne ro^pMpoeaHua. a aaTew 
repMOo6pf«5oTKy roraMM oucoKoa sacTOTu noeTopno hbmocht cM830*<r.birt c/io*. 



1/iCXOAHO© COCTOh- 
Mwe MaTcpwana 




Bma o6pa6oTKM 




Ao ro4>pMpo&aHMfl 


rioc/ie ro<J>p*tpo- | 
aannn 


TepMOo5pa6oTkB 
noc/ie ro<t>pnpoB3r 
hmb (MopMann3a- 
una) c HarpeBOM 

TOKSMH BWCCT 
KOW M8CT0Tbll 




Boa T©pMOo6pa- 
6otkm 


1570 


1750 




2020 


C TepMoo6pa6or- 


1350 


1660 




1966 


6es TepMoq6pe~ 
60TKM 


1570 


1750 


1350 


1750 



CocTaBMTe/ib M.Poroxwna 
PeflSKTOP H.rynbKO Texpan M.MopreHTon Koppe.aop H.MycKa 

3 2S65 Tupax noArmcwoe 

8 BHUVtnH rocynapCTB6HHOfO KOMWTCTa no M3o6peTeH M «M h otk P *™™ npw TKHT CCCP 
1 13035. Mockbs, X-35. PaytiJCicaR na6.. 4/5 

n^^380ACT B eHH0-M3Aare^i»CKMft e oM6MM3r;naTeHT-. r. Vxropofl, yaXarapwHa. 101 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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